Introduction
As of 2014, there were an estimated 1.1 million individuals in the United States living with HIV infection [1] . In 2015 alone, despite a 9% decrease in the number of new diagnoses, approximately 39 500 people were diagnosed with HIV. With the introduction of more available and effective antiviral treatments, the last 30 years have ushered in a monumental shift in the management of HIV/AIDS -moving from an acute to a chronic illness [2] . However, treatment with combined antiretroviral therapy has been associated with weight gain and multiple metabolic problems such as dyslipidemia, lipodystrophy, insulin resistance, and increased risk of vascular disease [3] [4] [5] .
With this paradigm shift to a chronic disease model, under-nutrition in these HIV patients has become less prevalent in the Western world with growing rates of obesity and metabolic syndrome increasing similar to the general population. According to a recent National Health and Nutrition Examination Survey (NHANES), obesity among HIV positive patients is common, affecting two in five HIV-infected women and one in five HIVinfected men [6] . Although there is evidence to suggest that mild-to-moderate obesity in HIV-infected individuals is associated with better HIV-related survival, other studies have shown that adipose tissue may be a reservoir of HIV shedding, which has implications for viral persistence [7, 8] .
Although dietary modification and exercise regimens can promote weight loss, a vast majority of patients are unable to achieve and maintain the necessary amount of weight loss related to meaningful clinical improvement [9] . With the potential association between HIV, morbid obesity, and metabolic syndrome coupled with the concern for viral persistence, studies have suggested a potential role for bariatric surgery. However, concerns persist regarding the absorption and efficacy of antiretroviral therapies postbariatric surgery. Although studies have evaluated bariatric surgery in this unique patient population and found the procedure to be well tolerated and effective, there remains a paucity of data regarding the impact of bariatric surgery on outcomes of patients with HIV [8, 10] .
The aim of this study was to examine the impact of bariatric surgery on clinical outcomes in morbidly obese hospitalized patients with HIV. We hypothesized that bariatric surgery would be associated with better outcomes.
Methods
Data source and study population The study sample originated from the Nationwide Inpatient Sample database, which includes hospitalized patients in the United States during the 2004 to 2014 period. This registry is part of the Healthcare Cost and Utilization Project, sponsored by the Agency for Healthcare Research and Quality [11] . The Nationwide Inpatient Sample is a database of hospital inpatient stays derived from billing data submitted by hospitals to statewide data organizations across the United States. Inpatient data includes clinical and resource use information typically available from discharge abstracts. Each discharge is coded with a principal diagnosis for that specific hospitalization in addition to the potential for 14 secondary diagnoses and 15 associated procedures. The Nationwide Inpatient Sample is the largest United States inpatient care database, encompassing hospitals from a total of 46 states, which serve 97% of the United States population.
Inclusion and exclusion criteria
Patients were included if they had a primary or secondary diagnosis of HIV and morbid obesity. These conditions were identified using the International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) codes. HIV was defined based upon ICD-9-CM code 042, 043, 044, V08, and 079.53 as previously validated [12] . Morbid obesity was defined by ICD-9-CM codes 278.01, V85. 35 [13, 14] .
Ascertainment of bariatric surgery
Among the included patients with morbid obesity and HIV, hospitalizations with a history of prior-bariatric surgery (Roux-en-Y, gastric band, and sleeve gastrectomy) were identified using the following ICD-9-CM codes: laparoscopic or open Roux-en-Y gastric bypass (ICD-9-CM 44.31, 44.38, and 43.39), laparoscopic adjustable gastric band (ICD-9-CM 44.95), and laparoscopic sleeve gastrectomy (ICD-9-CM 43.82) [13, 14] .
Covariates and statistical analysis Demographic and clinical characteristics were compared between patients with and without a history of bariatric surgery. The covariates included demographic data (age, sex, and race/ethnicity), as well as characteristics related to metabolic syndrome and HIV-related outcomes. Hospitalization data such as day of admission (weekday or weekend), route of admission, mean length of hospital stay, hospitalization charges, and primary payer source were also included. Details on the covariates are highlighted in Appendix 1, http://links.lww.com/ QAD/B313. Categorical variables were presented as counts and proportions, and differences tested using Pearson's chi-square test. Continuous variables were presented as mean (standard deviation), and differences between groups were tested using the t-test. The ageadjusted mortality rate was calculated for each year of study by summing the product of age-specific mortality rates by the age-specific weights. For population trends, the total number of cases were standardized per 100 000 based upon total population derived from the United States census data for the specific year (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) [15] . The weights used in the age adjustment of the data were the proportion of the year 2000 standard United States population within each age group [16] .
Secular trends in mortality rates were assessed using linear Poisson regression models. The models were used to investigate the effect of the period of diagnosis (independent variable) on the in-hospital mortality rate (dependent variable), while controlling for other variables (i.e. adjusting for age, sex, race, income, insurance status, type of admission, and modified Elixhauser comorbidity index including: diabetes, hypertension, hyperlipidemia, coronary artery disease, and polycystic ovarian syndrome). Risk estimates and 95% confidence intervals (CIs) were calculated for all independent variables in the final model. Poisson regression with robust (HuberWhite) standard errors was also used to determine incident risk ratios (IRR) for predictors of in-hospital mortality. Prior to our analysis, we tested the Poisson models for over-dispersion using a Pearson goodness-offit test. Models were not over dispersed; thus, Poisson regression was then used to determine IRR for clinical outcomes in patients with prior-bariatric surgery compared with those without bariatric surgery.
All the analyses accounted for clustering and sampling weights. The Healthcare Cost and Utilization Project Nationwide Inpatient Sample has a two-stage cluster design incorporating clustering at the hospital level and discharge level. The weighting of discharges is based on the hospital type and volume of discharges relative to the sampling region. Analyses were performed using Stata version 13.0 (Stata Corp LP, College Station, Texas, USA). All P values were based on two-sided tests and were considered statistically significant at P value less than 0.05. According to the data user agreement, any individual table cell counts of 10 or fewer cannot be presented to preserve patient confidentiality. In such instances, data are suppressed and labeled as 'IS,' information suppressed.
Results
Demographic and patient characteristics A total of 7803 patients with discharge diagnoses of morbid obesity and HIV were included in our study, of which 346 (4.4%) had prior-bariatric surgery. The baseline demographic and hospitalization characteristics of patients by bariatric surgery status are presented in Table 1 . Morbidly obese HIV patients with prior weight loss surgery were younger as compared with patients without bariatric surgery (mean age of 42.9 AE 8.6 versus 45.5 AE 10.7 years, respectively; P < 0.001). A majority of included morbidly obese HIV patients, both with or without bariatric surgery, were women though a higher percentage of women did not undergo bariatric surgery (P < 0.001). Patients with obesity and HIV with or without a history of bariatric surgery were not significantly different in comorbidities including coronary artery disease (P ¼ 0.58) and polycystic ovarian syndrome (P ¼ 0.42). However, obese HIV patients with a history of bariatric surgery were more likely to have a documented history of hypertension (P < 0.001) and hyperlipidemia (P < 0.001). Table 2 ). Trends in overall bariatric surgery as adjusted for the proportion of discharges with bariatric surgery demonstrated an annual percentage change of À0.10% from 2004 to 2009 (P trend < 0.05) and then increased at an annual rate of þ0.33% from 2012 to 2014 (P trend < 0.05) (Fig. 1) .
Clinical outcomes
On multivariate analysis, patients without history of a surgical weight loss procedure were found to have no significant in-hospital mortality difference when compared with those that underwent a bariatric procedure (P ¼ 0.98) ( Table 3 ). Renal failure (P < 0.001), sepsis (P < 0.001), and respiratory failure (P < 0.001) were significantly lower among obese patients with HIV and a 
Discussion
In this study, we utilized a large United States inpatient database to evaluate trends in bariatric surgery and related clinical outcomes in a hospitalized population of 7803 morbidly obese patients with HIV. In spite of the rising trends of obesity in this patient population as a result of improved antiviral therapy and a transition to a chronic disease model, only a 4.4% of morbidly obese patients with HIV had prior bariatric surgery. Bariatric surgery was not associated with a decrease in in-hospital mortality rate among morbidly obese patients with HIV; however, weight loss surgery was associated with lower rates of renal failure, respiratory failure, and sepsis. Year  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014  Total   Bariatric surgery  12  12  14  15  22  25  35  40  45  50  76  346  Number of bariatric surgery  248  249  318  356  459  583  721  1150  1009  1125  1239  7457  Total number of patients  260  261  332  371  481  608  756  1190  1054  1175  1315  7803 According to the data user agreement, any individual table cell counts of 10 or fewer cannot be presented to preserve patient confidentiality. In such instances, data are suppressed. IS, information suppressed. Mechanisms of obesity and HIV: a clinical paradox For many years, lean body mass was the characteristic body habitus for an HIV-infected individual [3] . However, with advances in antiretroviral therapy leading to increased life span and overall survival, HIV-infected patients have become susceptible to developing chronic medical problems and metabolic syndrome including obesity, diabetes, insulin resistance, and coronary artery disease [17] [18] [19] [20] [21] . With an increased prevalence of obesity and metabolic syndrome, cardiovascular disease is quickly becoming one of the most important causes of mortality in HIV-infected patients, superseding opportunistic infections [19] [20] [21] [22] . Although the most likely contributing factor for weight gain in the HIV population is the decrease in HIV-related morbidity, additional factors including successful immune recovery as well as health improvement overall may reduce weight loss and even promote weight gain [3] [4] [5] . Furthermore, another major element to explain weight gain and predispose towards obesity is medication-associated lipodystrophy resulting from the long-term use of highly active antiretroviral therapy, particularly the protease inhibitors and nucleoside agents [3] [4] [5] 23] . Moreover, obesity itself may have a directly negative effect on the HIV host [17, [24] [25] [26] [27] [28] . Therefore, for patients with HIV and morbid obesity, weight management programs and weight loss strategies, including bariatric surgery may be important components of HIV care [23] .
AIDS
HIV and bariatric-associated weight loss Currently, bariatric surgery provides the highest level of excess weight loss as compared with other presently available methods, achieving approximately 62% with gastric bypass, 41% with laparoscopic adjustable gastric banding, and 66% with laparoscopic sleeve gastrectomy [29] [30] [31] [32] [33] [34] . Although bariatric surgery may have unintended side effects including the alteration of pharmacodynamics and pharmacokinetics of orally administered antiretroviral drugs, weight loss surgery has an excellent safety and success rate [29, 30, [35] [36] [37] [38] . As a result, the total number of weight loss procedures have increased globally and in the United States in the past decade [39, 40] . However, despite a total increase in number of procedures, the proportion of morbidly obese HIV patients with bariatric surgery declined from 2004 to 2009 in our study sample. This observation may be because of initial reluctance among surgeons to surgically treat these patients as a result of prior reports of complications associated with weight reduction surgery, particularly regarding the change in pharmacokinetics of antiretroviral therapies postbariatric surgery [38] . Yet, an encouraging and positive aspect of our analyses is the finding of rising trends of bariatric surgery after 2010 in this select population, suggesting a sense of confidence among physicians and patients regarding these weightloss procedures.
Safety of bariatric surgery
Although case series and case reports have reported safety of bariatric surgery in morbidly obese patients with HIV, these reports are limited by their small sample size [14, [41] [42] [43] [44] [45] [46] .
Our study is consistent with these prior reports in further supporting the role of bariatric surgery for obese HIV patients finding no difference in mortality. We are unable to rule out the influence of bariatric surgery in long-term mortality in these patients for which studies with longer duration of follow-up will be beneficial. However, our data aligns with previous literature that suggests that morbidly obese patients with HIV and prior bariatric surgery have lower rates of complications (i.e. renal failure, respiratory failure, and sepsis) [47, 48] . Currently available data is inadequate to explain the exact mechanism by which bariatric surgery may lead to these positive outcomes; however, decreased chronic inflammation and improvement in overall health of these patients may improve outcomes postweight loss procedures.
Our data contradicts previous findings of micronutrient deficiency by demonstrating that bariatric surgery in obese HIV patients was not associated with any of these micronutrient deficiencies [49] . Furthermore, obese patients with HIV and prior weight loss surgery were associated with a shorter hospital stay but higher costs of hospitalizations. Overall, this suggests that bariatric surgery is beneficial for these patients and supports the need to promote bariatric procedures in effort to improve antiretroviral effectiveness, reduce complications, and decrease overall healthcare utilization. One major complication encountered among HIV patients with obesity that underwent bariatric surgery in our study is the high rates of postoperative strictures. Strictures have been reported as complications of prior bariatric surgery and are one of the primary indications of revision surgery [41] . This increased rate of strictures in this group may suggest a need for vigilance during the postoperative period and may guide physicians for a closer follow-up of patients after bariatric surgery for early diagnosis and management of this potential complication.
Clinical implications and future directions
Our data suggest that bariatric surgery does not affect mortality in morbidly obese patients but may be associated with mitigation of life-threatening complications such as respiratory failure, renal failure, and sepsis. Bariatric surgery did, however, demonstrate an increased risk of gastrointestinal stricture in HIV patients, which suggests a need for caution during the postoperative period. These results are of utmost clinical significance particularly for a disease like HIV, which has long been associated with opportunistic infections and sepsis. Though introduction of antiretroviral therapy and subsequent immune recovery has lowered the rates of infection among these patients, our findings suggest that prior bariatric surgery may have a role in further lowering the rates of infection and multiorgan failure in morbidly obese patients with HIV.
Strengths and limitations
Our study has limitations intrinsic to its retrospective and observational design. Also, we are only able to assess inhospital outcomes and information on long-term outcomes upon discharge is not available in this inpatient database.
Patients with HIV and morbid obesity and other covariates in our cohort were identified solely based on ICD-9-CM codes, thus may introduce bias to our study as a result of coding errors. Although previous studies have validated these codes for the HIV, morbid obesity, and bariatric surgery populations, we are unable to determine the temporal sequence in the occurrence of HIV and the bariatric surgery procedure [12] [13] [14] . There is additionally the possibility of residual confounding as some important covariates (i.e. percentage excess weight loss, BMI, CD4 þ cell count, and viral load) were not available in the database. As NIS does not provide information on laboratory values and pharmacotherapy, we do not have information on CD4 þ cell count, viral load, and type of antiretroviral therapy limiting our ability to gauge the virologic and immunologic response to bariatric surgery. We are also unable to extract information to determine the roles of other methods of weight management such as lifestyle modifications and pharmacotherapies in this patient population. Due to small sample size of obese patients with HIV that underwent bariatric surgery, we were also unable to stratify and compare trends and outcomes between malabsorptive and restrictive type of bariatric surgery.
Despite these limitations, our study has several strengths and novel salient findings. To the best of our knowledge, this study is the largest and first ever study evaluating these trends and outcomes of bariatric surgery over a period of 10 years for morbidly obese patients with HIV. Our study includes the largest number of patients from a nationwide population-based sample including several racial/ethnic groups. This minimizes the possible biases that may be seen in single-center studies and provides strong data to generalize our observations to clinical practice in the United States. Our data and trends of obesity among HIV-infected individuals is supported by previous studies, which demonstrate the global epidemic of obesity has not spared this selected population. The number of morbidly obese patients with HIV steadily rose over the study period similarly to previous studies [6, 23] . Furthermore, we have included a vast array of relevant outcomes (i.e. renal failure, respiratory failure, sepsis, surgical, and malabsorptive complications), which would reliably indicate a response to bariatric surgery above and beyond percentage weight loss and change in BMI.
Conclusion
In conclusion, there is a shifting phenotype among HIV patients with a transition from lean body mass and undernourished presentation to one of weight gain, giving rise to chronic medical comorbidities including metabolic syndrome and predisposition to morbid obesity. Therefore, weight management strategies are critical for this increasingly common population of HIV patients. Bariatric surgery appears to be associated with decreased complications and better outcomes among individuals with morbid obesity and HIV. We are hopeful that our results will motivate both the HIV community and physicians to consider bariatric surgery as a well tolerated and effective treatment option for those patients with morbid obesity. Future studies are needed, which will stratify the outcomes of these weight loss surgeries based on their mechanism of action (i.e. restrictive, malabsorptive, or both) to delineate if one type of procedure is recommended over another. Additionally, studies with a larger population designed to investigate the virologic and immunologic response secondary to these procedures are required.
